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Envisioning the Future for Ecosystems and
People

The capacity of Earth’s ecosystems to provide life-support ser-
vices is changing rapidly, at a time when human pressures on
ecosystems are also increasing.

These changes in ecosystems have enormous implications for
life on Earth. Yet they can seem bewildering because of their com-
plexity, speed, surprises, and demands on human ingenuity.

Scenarios organize information about plausible causes of and
responses to long-term change. The central idea is to categorize
outcomes into a few plausible futures, making the complex more
comprehensible. Contrasts among scenarios illuminate key link-
ages and probable outcomes of various approaches or decisions.

Ecosystems are always changing, but the rate and
magnitude of change are not constant over time.
Most of the time, change is gradual, incremental, and
perhaps reversible. However, some changes in eco-
systems and their services are large in magnitude and
can be difficult, expensive, or impossible to reverse
(high certainty). Examples of ecosystems subject to large, im-
portant changes are pelagic fisheries (economic collapse),
freshwater lakes and reservoirs (toxic blooms, fish kills), pas-
toral lands (conversion to woodland with overgrazing and
fire suppression), and dryland agriculture (desertification).
The thresholds and triggering events for these large changes
are often difficult to predict. [S3, 5]

Slow losses of resilience set the stage for large changes
that occur after the ecosystem crosses a threshold or is sub-
jected to a random event such as a climate fluctuation (estab-
lished but incomplete). For example, incremental buildup of
phosphorus in soils gradually increases the vulnerability of
lakes and reservoirs to runoft events that trigger oxygen
depletion, toxic algae blooms, and fish kills. Cumulative ef-
tects of overfishing and nutrient runoft make coral reefs sus-
ceptible to severe deterioration triggered by storms, invasive
species, or disease. Slow decrease in grass cover crosses a
threshold so that grasslands can no longer carry a fire, allow-
ing woody vegetation to dominate and severely decreasing
forage for livestock. [S3, 5] These long-lasting and costly
changes from seemingly random events pose a daunting
challenge for decision-makers concerned with ecosystems
as well as for people whose livelihoods depend on ecosys-
tems.

Recent trends in human use of ecosystem services reveal
rapid changes and great uncertainty about future changes.
(See MA Current State and Trends volume.) While many
ecosystem services are renewable, current rates of use are
often greater than the renewal rates, leading to degradation
and declines in the future capacity of ecosystems to provide
services. Dryland agricultural areas around the world are
threatened by desertification. Freshwater supplies have been
stressed by increasing withdrawals of groundwater and sur-
face water, as well as by pollution. Marine fish harvest has
declined since the late 1980s, and one quarter of marine
fish stocks are overexploited or depleted. Despite growing
global timber production, the condition of forests is dimin-

ishing. The observed rates of species extinction in modern
times are as much as 1,000 times higher than the average
observed for comparable taxonomic groups from the fossil
record. These and many other losses have occurred in the
course of using ecosystem services. The capacity of Earth’s
ecosystems to provide life-support services is changing rap-
idly, at a time when human pressures on ecosystems are also
increasing. The Scenarios volume explores the implica-
tions of different approaches for sustaining ecosystem
services in the face of growing demand. [S8, 9, 11, 14]

In order to plan for a changing and uncertain future, we
must have tools for organizing extensive information about
socioecological systems. Scenarios are such a tool. Scenar-
ios are plausible, provocative, and relevant stories
about how the future might unfold. They can be told
in both words and numbers. Scenarios are not fore-
casts, projections, predictions, or recommendations,
though model projections may be used to quantify
some aspects of the scenarios. The process of building
scenarios is intended to widen perspectives and illuminate
key issues that might otherwise be either missed or dis-
missed. By offering insight into uncertainties and the conse-
quences of current and possible future actions, scenarios
support more informed and rational decision-making in sit-
uations of uncertainty. Scenarios are a powerful way of ex-
ploring possible consequences of different policies. They
force us to state our assumptions clearly, enabling the conse-
quences of those assumptions to be analyzed. Scenarios, and
the products of scenarios, are not predictions. Rather, they
explore consequences of different policy choices based on
current knowledge of underlying socioecological processes.
[S2, 3, 5]

This summary explores the scenarios, how we devel-
oped them, and what we have learned in the process. The
first section describes the methods and the assumptions be-
hind the scenarios. This is followed by four sections that
explore the results for ecosystem services, trade-offs among
ecosystem services, biodiversity, and human well-being. We
conclude with a section describing research needs for im-
proving future development of scenarios for ecosystem ser-
vices and human well-being.

Developing the Millennium Ecosystem
Assessment Scenarios

The MA scenarios assess the consequences of contrasting devel-
opment paths for ecosystem services.

Because stresses on ecosystems are increasing, it is likely
that large, costly, and even irreversible changes will become more
common in the future. This will lead to reduced services provided
by ecosystems or increased costs of maintaining services. Man-
agement that deliberately maintains resilience of ecosystems can
reduce the risk of large, costly, or irreversible change.

Proactive or anticipatory management of ecosystems is partic-
ularly important under rapidly changing or novel conditions.

The MA developed a set of global scenarios to address the
effects of different development paths on ecosystem services
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and human well-being. The scenarios extend into the fu-
ture from the situation described in the MA Current State
and Trends volume. Three of the four pathways involve
major positive actions taken to move toward sustainable de-
velopment. The alternate pathways of the four contrasting
scenarios illustrate many of the tools described in the MA
Policy Responses volume. Although the scenarios focus on
the global scale, many implications for regional and local
ecosystems were examined. These provide a bridge to the
MA Multiscale Assessments volume. The contrasts among
the global scenarios are designed to illuminate key
risks and benefits of each pathway and to examine
the interaction among drivers of ecosystem change,
ecosystem services, and human well-being.

The MA scenarios explore the potential consequences
of alternate pathways to development, and they inform
decision-makers about the consequences for ecosystem ser-
vices. The scenarios were designed to explore con-
trasting transitions of society as well as contrasting
approaches to policies about ecosystem services. (See
Figure S1). We explore two kinds of transitions—one in
which the world becomes increasingly globalized and
another in which it becomes increasingly regionalized. Fur-
thermore, we address two different approaches for gover-
nance and policies related to ecosystems and their services.
In one case, management of ecosystems is reactive, and
most problems are addressed only after they become obvi-
ous. In the other case, management of ecosystems is pro-
active, and policies deliberately seek to maintain ecosystem
services for the long term.

Framed in terms of these contrasts, the four scenarios
developed by the MA were named Global Orchestration
(socially conscious globalization, with an emphasis on equity,

Four scenarios

economic growth, and public goods and with a reactive
approach to ecosystems), Order from Strength (regional-
ized, with an emphasis on security and economic growth
and with a reactive approach to ecosystems), Adapting
Mosaic (regionalized, with an emphasis on proactive man-
agement of ecosystems, local adaptation, and flexible gover-
nance), and TechnoGarden (globalized, with an emphasis
on using technology to achieve environmental outcomes
and with a proactive approach to ecosystems). The focus
on ecosystem services and effects of ecosystems on
human well-being distinguish the MA scenarios from
previous global scenario exercises. [S2, 3, 5, 8]

The future will represent a mix of approaches and con-
sequences described in the scenarios, as well as events and
innovations that have not yet been imagined. No scenario
will match the future as it actually occurs. No scenario rep-
resents business as usual, although all begin from current
conditions and trends. None of the MA scenarios represents
a “best” or a “worst” path. Instead, they illustrate choices
and trade-offs. There could be combinations of policies that
produce significantly better, or worse, outcomes than any
of the scenarios. Each of the scenarios begins in 2000 and
ends in 2050. Each emphasizes difterent pathways of devel-
opment. [S2] (See Box S1.)

Interviews with stakeholders and a literature re-
view of major ecological dilemmas were used to
identify focal questions, key uncertainties, and cross-
cutting assumptions behind the scenarios. (See Figure
S2). These focal questions, uncertainties, and assumptions,
which are explored in more detail in the next paragraphs,
were used to develop the four plausible, alternative futures.
Scenarios were then constructed by working through the
MA conceptual framework (indirect drivers, direct drivers,
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Figure S1. Millennium Ecosystem Assessment Scenarios: Plausible Future Development Pathways until 2050. The scenario
differences are based on the approaches pursued toward governance and economic development (regionalized versus globalized) and

ecosystem service management (reactive versus proactive).
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BOX S1
Global Scenarios of the Millennium Ecosystem Assessment

The Global Orchestration scenario depicts a globally connected society in
which policy reforms that focus on global trade and economic liberalization
are used to reshape economies and gov- -

ernance, emphasizing the creation of
markets that allow equitable participation
and provide equitable access to goods
and services. These policies, in combina-
tion with large investments in global pub-
lic health and the improvement of
education worldwide, generally succeed
in promoting economic expansion and lift
many people out of poverty into an expanding global middle class. Supra-
national institutions in this globalized scenario are well placed to deal
with global environmental problems such as climate change and fisheries.
However, the reactive approach to ecosystem management favored in
this scenario makes people vulnerable to surprises arising from delayed
action. While the focus is on improving human well-being of all people,
environmental problems that threaten human well-being are only consid-
ered after they become apparent.

Growing economies, expansion of education, and growth of the middle
class leads to demand for cleaner cities, less pollution, and a more beauti-
ful environment. Rising income levels bring about changes in global con-
sumption patterns, boosting demand for ecosystem services, including
agricultural products such as meat, fish, and vegetables. Growing demand
for these services leads to declines in other services, as forests are con-
verted into cropped areas and pasture, and the services formerly provided
by forests decline. The problems related to increasing food production,
such as loss of wildlands, are remote to most people because they live in
urban areas. These problems therefore receive only limited attention.

Global economic expansion expropriates or degrades many of the
ecosystem services poor people once depended on for their survival.
While economic growth more than compensates for these losses in
some regions by increasing our ability to find substitutes for particular
ecosystem services, in many other places it does not. An increasing
number of people are affected by the loss of basic ecosystem services
essential for human life. While risks seem manageable in some places,
in other places there are sudden, unexpected losses as ecosystems
cross thresholds and degrade irreversibly. Loss of potable water sup-
plies, crop failures, floods, species invasions, and outbreaks of environ-
mental pathogens increase in frequency. The expansion of abrupt,
unpredictable changes in ecosystems, many with harmful effects on

increasingly large numbers of people, is the key challenge facing manag-
ers of ecosystem services.

The Order from Strength scenario represents a regionalized and frag-
mented world concerned with security and protection, emphasizing primar-
ily regional markets, and paying little at-
tention to common goods. Nations see
looking after their own interests as the
best defense against economic insecu-
rity, and the movement of goods, people,
and information is strongly regulated and
policed. The role of government expands
as oil companies, water systems, and
other strategic businesses are either na-
tionalized or subjected to more state oversight. Trade is restricted, large
amounts of money are invested in security systems, and technological
change slows due to restrictions on the flow of goods and information.
Regionalization exacerbates global inequality.

Agreements on global climate change, international fisheries, and the
trade in endangered species are only weakly and haphazardly imple-
mented, resulting in degradation of the global commons. Local problems
often go unresolved, but major problems are sometimes handled by rapid
disaster relief to at least temporarily resolve the immediate crisis. Many
powerful countries cope with local problems by shifting burdens to other,
less powerful countries, increasing the gap between rich and poor. In
particular, natural resource—intensive industries are moved from wealthier
nations to poorer and less powerful ones. Inequality increases consider-
ably within countries as well.

Ecosystem services become more vulnerable, fragile, and variable in
Order from Strength. For example, parks and reserves exist within fixed
boundaries, but climate change crosses them, leading to the unintended
extirpation of many species. Conditions for crops are often suboptimal,
and the ability of societies to import alternative foods is diminished by
trade barriers. As a result, there are frequent shortages of food and water,
particularly in poor regions. Low levels of trade tend to restrict the number
of invasions by exotic species; however, ecosystems are less resilient and
invaders are therefore more often successful when they arrive.

In the Adapting Mosaic scenario, hundreds of regional ecosystems are
the focus of political and economic activity. This scenario sees the rise of local
ecosystem management strategies and the strengthening of local institutions.
Investments in human and social capital are geared toward improving knowl-
edge about ecosystem functioning and management, which results in a better

ecosystem services, and human well-being), using both
qualitative and quantitative analyses. Qualitative and quan-
titative results were cross-checked at every stage. Quantita-
tive results of one stage often affected qualitative results of
the next stage, but qualitative results of one stage could not
always be fed back into the existing numerical models. Fi-
nally, feedbacks from ecosystem services and human well-
being played an important role in development of indirect
and direct driver trajectories for the qualitative assessment.
Such feedbacks are difficult to incorporate in the quantita-
tive models, however. [S6]

Interviews identified many benefits, risks, opportunities,
and threats from contrasting paths of globalization and gov-
ernance for ecosystem management. While some advan-
tages and disadvantages are clear, many have not been

thoroughly explored, so we designed the scenarios to do

that. The following bullets describe the theme of the sce-

narios, which were chosen to explore various tensions (the
storyline most closely associated with each theme appears in

parentheses at the end of the bullet). [S8, 11, 12, 13, 14]

e FEconomic growth and expansion of education and
access to technology increases the capacity to respond
effectively when environmental problems emerge.
However, if the focus on reducing poverty and increas-
ing human and social capital overwhelms attention to
the environment, and if proactive environmental poli-
cies are not pursued, there is increased risk of regional or
even global interruptions in the provision of ecosystem
services. Severe and irreversible declines in ecosystem
services and human well-being may occur if we do not
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understanding of resilience, fragility, and local flexibility of ecosystems. There
is optimism that we can learn, but humility about preparing for surprises and
about our ability to know everything about managing ecosystems.

There is also great variation among nations and regions in styles of
governance, including management of ecosystem services. Many regions
explore actively adaptive management,
investigating alternatives through experi-
mentation. Others use bureaucratically
rigid methods to optimize ecosystem per-
formance. Great diversity exists in the
outcome of these approaches: some
areas thrive, while others develop severe
inequality or experience ecological deg-
radation. Initially, trade barriers for goods
and products are increased, but barriers for information nearly disappear
(for those who are motivated to use them) due to improving communica-
tion technologies and rapidly decreasing costs of access to information.

Eventually, the focus on local governance leads to some failures in
managing the global commons. Problems like climate change, marine
fisheries, and pollution grow worse, and global environmental problems
intensify. Communities slowly realize that they cannot manage their local
areas because global and regional problems are infringing, and they begin
to develop networks among communities, regions, and even nations to
better manage the global commons. Solutions that were effective locally
are adopted among networks. These networks of regional successes are
especially common in situations where there are mutually beneficial op-
portunities for coordination, such as along river valleys. Sharing good
solutions and discarding poor ones eventually improves approaches to a
variety of social and environmental problems, ranging from urban poverty
to agricultural water pollution. As more knowledge is collected from suc-
cesses and failures, provision of many services improves.

The TechnoGarden scenario depicts
a globally connected world relying
strongly on technology and highly man-
aged, often engineered ecosystems to
deliver ecosystem services. Overall effi-
ciency of ecosystem service provision
improves but is shadowed by the risks
inherent in large-scale human-made so-
lutions and rigid control of ecosystems.

Technology and market-oriented institutional reform are used to

achieve solutions to environmental problems. These solutions are de-
signed to benefit both the economy and the environment. These changes
co-develop with the expansion of property rights to ecosystem services,
requiring people to pay for pollution they create and paying people for
providing key ecosystem services through actions such as preservation
of key watersheds. Interest in maintaining, and even increasing, the eco-
nomic value of these property rights, combined with an interest in learning
and information, leads to an increase in the use of ecological engineering
approaches for managing ecosystem services.

Investment in green technology is accompanied by a significant focus
on economic development and education, improving people’s lives and
helping them understand how ecosystems make their livelihoods possible.
A variety of problems in global agriculture are addressed by focusing on
the multifunctional aspects of agriculture and a global reduction of agricul-
tural subsidies and trade barriers. Recognition of the role of agricultural
diversification encourages farms to produce a variety of ecological ser-
vices rather than simply maximizing food production. The combination of
these movements stimulates the growth of new markets for ecosystem
services, such as trade in carbon storage, and the development of tech-
nology for increasingly sophisticated ecosystem management. Gradually,
environmental entrepreneurship expands as new property rights and tech-
nologies co-evolve to stimulate the growth of companies and cooperatives
providing reliable ecosystem services to cities, towns, and individual prop-
erty owners.

Innovative capacity expands quickly in lower-income nations. The reli-
able provision of ecosystem services as a component of economic growth,
together with enhanced uptake of technology due to rising income levels,
lifts many of the world’s poor into a global middle class. While the provi-
sion of basic ecosystem services improves the well-being of the world’s
poor, the reliability of the services, especially in urban areas, is increas-
ingly critical and increasingly difficult to ensure. Not every problem has
succumbed to technological innovation. Reliance on technological solu-
tions sometimes creates new problems and vulnerabilities. In some cases,
we seem to be barely ahead of the next threat to ecosystem services. In
such cases, new problems often seem to emerge from the last solution,
and the costs of managing the environment are continually rising. Environ-
mental breakdowns that affect large numbers of people become more
common. Sometimes new problems seem to emerge faster than solutions.
The challenge for the future will be to learn how to organize socioecologi-
cal systems so that ecosystem services are maintained without taxing
society’s ability to implement solutions to novel, emergent problems.

address natural capital at the same time that we address
social capital. (Global Orchestration)

A focus on strong national security, which restricts the
flow of goods, information, and people, coupled with a
reactive approach to ecosystem management, can create
great stress on ecosystems, particularly in poorer coun-
tries. While there may be some opportunities for conser-
vation of biodiversity in wealthy or highly prized areas,
in general a focus on security in wealthy nations leads to
a loss of biodiversity in developing ones, as they often
lack the resources to create measures for biodiversity
protection. Without active, proactive management of
ecosystems in a world like this, pressure on the environ-
ment increases; there is greater risk of large disturbances
of ecosystem services and vulnerability to interruptions

45

in provision of ecosystem services. Severe and irrevers-
ible declines in ecosystem services and human well-
being may occur if we do not address ecosystem man-
agement where we live, in addition to focusing on re-
serves. (Order from Strength)

When regional ecosystem management is proactive and
oriented around adapting to change, ecosystem services
become more resilient and society becomes less vulnera-
ble to disturbances of ecosystem services. However, a
regional focus can diminish attention to the global com-
mons and exacerbates global environmental problems,
such as climate change and declining oceanic fisheries.
An adaptive approach may also have high initial costs
and an initially slower rate of environmental improvement.
If the focus on natural capital overwhelms attention to
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Figure S2. Flow Chart of MA Scenario Development. The focal questions, major uncertainties, and cross-cutting assumptions were used
to develop basic ideas about four plausible alternative futures. These futures were elaborated using qualitative and quantitative methods. At
each step, quantitative and qualitative results were cross-checked (the dotted lines between boxes). Quantitative results of each step were

used to help determine qualitative results of the next step (diagonal arrows). Finally, feedbacks from qualitative ecosystem services and
human well-being outcomes were used to re-evaluate assumptions about indirect drivers. This feedback procedure was also done in a

qualitative way for some quantitative ecosystem services outcomes.

immediate human well-being, poverty alleviation may

be somewhat slower. (Adapting Mosaic)

e Technological innovations and ecosystem engineering,
coupled with economic incentive measures to facilitate
their uptake, can lead to highly efficient delivery of pro-
visioning ecosystem services. However, technologies can
create new environmental problems, and in some cases
the resulting disruptions of ecosystem services affect
large numbers of people. In addition, efficient provision
of ecosystem services may lead to greater demand for
ecosystem services rather than less pressure on ecosys-
tems to provide the same amount of service. (Techno-
Garden)

The scenarios were also designed to explore key
ecosystem management dilemmas. One such di-
lemma is that ecosystem management that neglects
slow changes in resilience or vulnerability of ecosys-
tems increases the susceptibility of ecosystems to
large, rapid changes (established but incomplete). For exam-
ple, government subsidies to agriculture have allowed farm-
ers to continue harmful practices that eventually lead to
larger losses of ecosystem services. When fish stocks decline,
subsidies that sustain fishing effort prevent recovery of the
stocks. Dependency on biocides can increase the vulnera-
bility of agroecosystems to evolution of biocide-resistant
pests. Because stresses on ecosystems are increasing, it is
likely that large, costly, and even irreversible changes will
become more common in the future. On the other hand,
management that deliberately maintains resilience of eco-
systems can reduce the risk of large, costly, or irreversible
change (established but incomplete). The scenarios were con-
structed to explore this dynamic. [S5, 8, 9, 10]

Managing for surprise is another dilemma explored by
the scenarios. The MA scenarios differ in the frequency
and magnitude of surprising changes in ecosystem

services due to the management undertaken in each
scenario, not due to any underlying ecological differ-
ences across the scenarios. Each scenario implies differ-
ent distributions of extreme events. (See Figure S3.)
Examples of extreme events that affect ecosystem services
are famines, technological failure of systems for quality con-
trol of food or water, massive floods, or serious and long-
lasting heat waves or storms. The impact of an extreme
event is driven by both the chance of an event happening
and the vulnerability of people to the event. Extreme events

Likelihood of extreme events Probability of events

affecting more than 1 million people

Order from Strength P

s

Global Orchestration

/\

Adapting Mosaic

/\_/\

TechnoGarden

-

Number of people affected 0 1

Figure S3. Probabilities of Extreme Events That Involve
Ecosystem Services in MA Scenarios. Left column: Magnitude of
extreme event (measured as the number of people affected) on the
x-axis versus likelihood of events of a given magnitude, on the y-axis.
Right column: Length of the bar indicates the annual probability of
events that affect more than 1 million people.
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affecting at least 1 million people are most common in
Order from Strength and least common in Adapting Mosaic
and TechnoGarden. [S5, 8]

Proactive or anticipatory management of ecosys-
tems is particularly important under rapidly chang-
ing or novel conditions. (See Table S1.) Ecological
surprises are inevitable. Currently well understood phe-
nomena that were surprises of the past century include the
ability of pests to evolve resistance to biocides, the contri-
bution to desertification of certain types of land use, bio-
magnification of toxins, and the increase in vulnerability of
ecosystems to eutrophication and invasion due to removal
of keystone predators. While we do not know which sur-
prises will arise in the next 50 years, we can be certain that
some will occur. Restoration of ecosystems or ecosystem
services following degradation is usually time-consuming
and expensive, if possible at all, so anticipatory management
to build resilient, self~maintaining ecosystems is likely to be
extremely cost-eftective. This is particularly true when con-
ditions are changing rapidly, when conditions are variable,
when control of ecosystems is limited, or when uncertainty
is high. [S3]

The MA scenarios examine the need to develop
and expand mechanisms of ecosystem management
that avoid large ecosystem changes (by reducing
stress on ecosystems), allow for the possibility of

Table S1. Costs and Benefits of Proactive Management as
Contrasted with Reactive Ecosystem Management

Proactive Ecosystem
Management

Reactive Ecosystem
Management

Payoffs

Costs

benefit from lower risk of un-
expected losses of ecosystem
services, achieved through in-
vestment in more-efficient use
of resources (water, energy,
fertilizer, and so on), more in-
novation of green technology,
the capacity to absorb unex-
pected fluctuations in ecosys-
tem services, adaptable
management systems, and
ecosystems that are resilient
and self-maintaining

do well under changing or
novel conditions

build natural, social, and
human capital

technological solutions can
create new problems

costs of unsuccessful experi-
ments

costs of monitoring

some short-term benefits are
traded for long-term benefits

avoid paying for monitoring
efforts

do well under smoothly or in-
crementally changing condi-
tions

build manufactured, social,
and human capital

expensive unexpected events

persistent ignorance (repeat-
ing the same mistakes)

lost option values

inertia of less flexible and
adaptable management of in-
frastructure and ecosystems

loss of natural capital

large ecosystem changes (by choosing reversible ac-
tions, experimenting cautiously, and monitoring ap-
propriate ecological indicators), and increase the
capacity of societies to adapt to large ecosystem
changes (diversifying the portfolio of ecosystem ser-
vices and developing flexible governance systems
that adapt effectively to ecosystem change). [S3, 5]

Quantitative and qualitative results for drivers, ecosys-
tem services, and human well-being are presented in Tables
S2 and S3. Indirect drivers are generally the result of group
consensus and represent our assumptions about the factors
that underlie each of the scenarios. Direct drivers are most
often model outcomes based on the indirect drivers. For
example, model outcomes show carbon emissions to be
quite high in the scenarios with high economic growth,
especially if proactive climate policies are not adopted. (See
Figure S4.) Ecosystem service outcomes are a mixture of
model outcomes and qualitative estimates, both based on
the direct drivers. Most human well-being outcomes, deter-
mined largely by the ecosystem services outcomes while
taking into account other social conditions, such as wealth
and education, are qualitative estimates.

For some drivers, ecosystem services, and human well-
being indicators, quantitative projections were calculated
using established, peer-reviewed global models. Quantifi-
able items include drivers such as economic growth and
land use change and ecosystem services such as water with-
drawals, food production, and carbon emissions. Other
drivers (such as rates of technologic change), ecosystem ser-
vices (particularly supporting and cultural services such as
soil formation and recreational opportunities), and human
well-being indicators (such as human health and social rela-
tions) for which there are no appropriate global models
were estimated qualitatively. Qualitative estimates were the
consensus professional judgment of experts in relevant
fields.

We explored the status of quantitative modeling in at
least nine areas relevant to the MA: land cover change, im-
pacts of land cover changes on local climates, changes in
food demand and supply, changes in biodiversity and ex-
tinction rates, impacts of changes in nitrogen/phosphorus
cycles, fisheries and harvest, alterations of coastal ecosys-
tems, and impacts on human health as well as the use of
integrated assessment models that seek to piece together
many different trends by predicting the consequences of
changes in critical drivers. All these models have weak-
nesses, but the alternative is no quantification what-
soever. Therefore, we used appropriate models with
caution and explicitly stated our uncertainties. Key
uncertainties include limitations on the spatial or temporal
resolution of input data, bias or random error in input data,
poor or unknown correspondence between modeled
mechanisms and natural processes (model uncertainty), lack
of information about model parameters, limited experience
with linking the different models, and the impossibility of
predicting human events and individual choices (which
may be altered by the forecasts themselves). [S4]

In general, models address incremental changes
but fail to address thresholds, risk of extreme events,
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Table S2. Main Assumptions about Indirect and Direct Driving Forces across the Scenarios [8, 9]

Global
Orchestration

Order from Strength

Industrial Nations*  Developing Nations?

Adapting Mosaic

TechnoGarden

Indirect Driving Forces

Demographics

Average income
growth

GDP growth rates/
capita per year
until 2050 (global)

Income distribution

Investments into
new produced
assets

Investments into
human capital

Overall trend in
technology
advances

International coop-
eration

Attitude toward
environmental
policies

Energy demand
and lifestyle

Energy supply

Climate policy

Approach to
achieving
sustainability

high migration; low
fertility and mortality
levels; 2050 popula-
tion: 8.1 billion

high
1995-2020: 2.4% per
year

2020-50: 3.0% per
year

becomes more equal

high

high

high

strong

reactive

energy-intensive

market liberalization;
selects least-cost op-
tions; intensified use
of technology

no

economic growth
leads to sustainable
development

Direct Driving Forces

Land use change

Greenhouse gas
emissions by 2050

global forest loss until
2025 slightly below
historic rate, stabi-
lizes after 2025;
~10% increase in ar-
able land

CO.: 20.1 GtC-eq
CH,: 3.7 GtC-eq
N.O: 1.1 GtC-eq
other GHGs: 0.7
GtC-eq

relatively high fertility and mortality levels
(especially in developing countries); low
migration, 2050 population: 9.6 billion

medium low

1995-2020: 1.4% per year
2020-50: 1.0% per year

similar to today

medium low
medium low
low

weak—international competition

reactive

regionalized assumptions

focus on domestic energy resources

no

national-level policies; conservation; re-
serves, parks

global forest loss faster than historic rate until
2025, near current rate after 2025; ~20%
increase in arable land compared with 2000

CO.: 15.4 GtC-eq

CH,: 3.3 GtC-eq

N.O: 1.1 GtC-eq

other GHGs: 0.5 GtC-eq

high fertility level; high mor-
tality levels until 2010 then
to medium by 2050; low
migration, 2050 population:
9.5 billion

similar to Order from
Strength but with increasing
growth rates toward 2050

1995-2020: 1.5% per year
2020-50: 1.9% per year

similar to today, then be-
comes more equal

begins like Order from
Strength, then increases

begins like Order from
Strength, then increases in
tempo

medium-low

weak—focus on local envi-
ronment

proactive—learning

regionalized assumptions

some preference for clean
energy resources

no

local-regional co-manage-
ment; common-property
institutions

global forest loss until 2025
slightly below historic rate,
stabilizes after 2025; ~10%
increase in arable land

CO,; 13.3 GtC-eq

CH,: 3.2 GtC-eq

N,O: 0.9 GtC-eq

other GHGs: 0.6 GtC-eq

medium fertility levels,
medium mortality; medium
migration, 2050 population:
8.8 billion

lower than Global Orches-
tration, but catching up
toward 2050

1995-2020: 1.9% per year
2020-50: 2.5% per year

becomes more equal

high

medium

medium in general; high for
environmental technology

strong

proactive

high level of energy-
efficiency

preference for renewable
energy resources and rapid
technology change

yes, aims at stabilization of
CO,-equivalent concentra-
tion at 550 ppmv

green-technology; eco-
efficiency; tradable ecologi-
cal property rights

net increase in forest cover
globally until 2025, slow
loss after 2025; ~9% in-
crease in arable land

CO,: 4.7 GtC-eq
CH,: 1.6 GtC-eq
N,O: 0.6 GtC-eq
other GHGs:

0.2 GtC-eq
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Air pollution emis- SO, emissions stabi- both SO, and NO, emissions increase globally SO, emissions decline; NO,  strong reductions in SO,

sions lize, NO, emissions emissions increase slowly and NO, emissions
increase from 2000 to
2050

Climate change 2.0°C in 2050 and 1.7°C in 2050 and 3.3°C in 2100 above pre-  1.9°C in 2050 and 2.8°Cin  1.5°C in 2050 and 1.9°C in
3.5°C in 2100 above industrial 2100 above pre-industrial 2100 above pre-industrial
pre-industrial

Nutrient loading increase in N trans- increase in N transport in rivers increase in N transport in decrease in N transport in
port in rivers rivers rivers

a “Industrial ” and “developing ” refer to the countries at the beginning of the scenario; some countries may change categories by 2050.

Table S3. Outcomes for Ecosystem Services and Human Well-being in 2050 Compared with 2000 across the Scenarios [8, 9]

Global Orchestration Order from Strength Adapting Mosaic TechnoGarden

Industrial> Developing® Industrial> Developing® Industrial> Developing® Industrial> Developing®

ECOSYSTEM SERVICES
Provisioning Services

Sufficient access to food 1 0 < ! And i 1 1
Fuel T i T i T i T i
Genetic resources s > l l 1 1 « )
Biochemicals/Pharmaceuticals

discoveries l 7 ! ! “ « 7 i
Ornamental resources «> > > ! 1 i) A >
Freshwater 1 0 « ! 1 ! ) ©
Regulating Services

Air quality regulation > © And i Al A 1 T
Climate regulation > «> ! ! « « 1 1
Water regulation “ i i ! 7 T « T
Erosion control © ! ! ! 7 1 « 1
Water purification > ! ! 1 1 1 A 1
Disease control: Human > 1 > 1 < 1 7 1
Disease control: Pests > i} l 1 1 1 > <
Pollination ! ! ! ! « « ! !
Storm protection > ! < ! 1 1 1 “«
Cultural Services

Spiritual/religious values > « Ane ! 1 1 i) !
Aesthetic values > s « l 1 1 « «
Recreation and ecotourism ! 1 ! 1 ! ! 1 1
Cultural diversity l ! ! ! 1 1 I !
Knowledge systems (diversity and

memory) © ! ! ! i T « <
HUMAN WELL-BEING

Material well-being 1 1 1 ! AR 1 1 1
Health i T i ! i T T T
Security 7 i ! ! 7 T 7 T
Social Relations “ 1 ! 1 i 7 ! !
Freedom and Choice “ 1 ! ! i 7 7 T

2 “Industrial ” and “developing ” refer to the countries at the beginning of the scenario; some countries may change categories by 2050.

Key: 1 = increase in ecosystems’ ability to provide the service, <> = ability of ecosystem to provide the service remains the same as in 2000,
| = decrease in ecosystems’ ability to provide the service
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Figure S4. Total Greenhouse Gas Emissions in CO, Equivalents
per Year versus Time in the MA Scenarios (equivalent emissions
based on 100-year GWPs) [9]

or impacts of large, extremely costly, or irreversible
changes in ecosystem services. We addressed these phe-
nomena qualitatively by considering the risks and impacts of
large but unpredictable ecosystem changes in each scenario.
Some ecosystem services and aspects of human well-being
could not be quantified and could be assessed only qualita-
tively. [S4]

The Future of Ecosystem Services

The capacity of ecosystems to provide services in the future is
jeopardized by rates of use that exceed rates of renewal and by
degradation of regulating ecosystem services.

Although the current flow of many ecosystem ser-
vices to people has increased, the status of many eco-
systems, including stocks of provisioning ecosystem
services, has shifted to degraded conditions (well estab-
lished). These include losses in marine fish stocks and dry-
land agriculture; emergence of diseases that threaten plants,
animals, and humans; deterioration of water quality in fresh
waters and coastal oceans; and regional climate changes and
increased climate variability. Such shifts are likely to in-
crease in the future (established but incomplete). The impact
of unexpected ecosystem changes depends on the intensity
of stress on ecosystems as well as societal expectations about
reliability of ecosystem services and the capacity of societies
to cope with changes in the provision of ecosystem services.

S8, 9, 13]
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For some components of the future state of human-
ecosystem interactions, all four scenarios make similar pro-
jections:

e Demand for provisioning services, such as food, fiber,
and water, increases due to growth in population and
economies (high certainty).

e Food security remains out of reach for many people, and
child malnutrition will be difficult to eradicate even by
2050 (low to medium certainty), despite increasing food
supply under all four scenarios (medium to high certainty)
and more diversified diets in poor countries (low to me-
dium certainty). (See Figure S5.)

e Vast changes with great geographic variability occur in
freshwater resources and their provisioning of ecosystem
services in all scenarios. (See Figure S6.) Climate change
will lead to increased precipitation over more than half
of Earth’s surface and this will make more water avail-
able to society and ecosystems (medium certainty). How-
ever, increased precipitation is also likely to increase the
frequency of flooding in many areas (high certainty). In-
creases in precipitation will not be universal, and climate
change will also cause a substantial decrease in precipita-
tion in some areas, with an accompanying decrease in
water availability (medium certainty). These areas could
include highly populated arid regions such as the Middle
East and Southern Europe (low to medium certainty).
While water withdrawals decrease in most industrial
countries, water withdrawals and wastewater discharges
are expected to increase enormously in Africa and some
other developing regions, and this will intensify their
water stress and overshadow the possible benefits of in-
creased water availability (medium certainty).

e The services provided by freshwater resources (such as
aquatic habitat, fish production, and water supply for
households, industry, and agriculture) deteriorate se-
verely in developing countries under the scenarios that
are reactive to environmental problems. Less severe but
still important declines are expected in the scenarios that
are more proactive about environmental problems (me-
dium certainty).

e Growing demand for fish and fish products leads to an
increasing risk of a major and long-lasting decline of

in million
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Figure S5. Number of Malnourished Children in Developing
Countries over Time in MA Scenarios [9]
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Figure S6. Change in Water Withdrawals from 2000 to 2050 in
MA Scenarios, Globally and for Six Groups of Nations [9]

regional marine fisheries (medium to high certainty). Aqua-
culture cannot relieve this pressure so long as it contin-
ues to rely heavily on marine fish as a food source.
Land use change is expected to continue to be a
major driver of changes in the provision of ecosystem
services up to 2050 (medium to high certainty) [S9]. The
scenarios indicate (low fo medium certainty) that 10-20% of
current grassland and forestland will be lost between now
and 2050. This change occurs primarily in low-income and
arid regions. (See Figure S7.) The provisioning services as-
sociated with affected biomes (such as genetic resources,
wood production, and habitat for terrestrial biota) will also
be reduced. The degree to which natural land is lost differs
among the scenarios. Order from Strength has the greatest
land use changes, with large increases in both crop and graz-
ing areas. The two proactive scenarios, TechnoGarden and
Adapting Mosaic, are the most land-conserving ones be-
cause of increasingly efficient agricultural production, lower
meat consumption, and lower population increases. Exist-
ing wetlands and the services they provide (such as water
purification) are faced with increasing risk in some areas due
to reduced runoft or intensified land use in all scenarios.
Threats to drylands are multiscale—ranging from global
climate change to local pastoral practices. In addition, dry-
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Figure S7. Forest Area in 2050 in Adapting Mosaic and Order
from Strength Scenarios in Six Groups of Nations. Forest area is
the net result of losses of pre-existing forest and establishment of
new forest on land that was formerly used for something else [9]

land ecosystem services are particularly vulnerable to substan-
tial and persistent reductions in ecosystem services driven by
climate change, water stress, and intensive use. For example,
sub-Saharan Africa is projected to expand water withdrawals
rapidly to meet needs for development. Under some scenar-
10s, this causes a rapid increase in untreated return flows to
freshwater systems, which could endanger public health and
aquatic ecosystems (medium certainty). Expansion and intensi-
fication of agriculture in this area may lead to loss of natural
ecosystems and higher levels of surface and groundwater
contamination. Loss of ecosystem services related to these
changes could undermine the future provision of ecosystem
services in this region, eventually leading to increased pov-
erty. Global institutions to address dryland problems
(such as desertification) need to consider responses at
multiple scales, such as mitigation of climate change,
technological development, and trade and resource
transfers that foster local adaptation. [S14]

In our scenarios, continued population growth, improv-
ing economic conditions, and climate change over the next
decades exert additional pressure on land resources and pose
additional risk of desertification in dryland regions. Subsi-
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dizing food production and water development in
vulnerable drylands can have the unintended effect
of increasing the risk of even larger breakdowns of
ecosystem services in future years. Local adaptation and
conservation practices can mitigate some losses of dryland
ecosystem services, although it will be difficult to reverse
trends toward loss of food production capacity, water sup-
plies, and biodiversity in drylands. [S14]

Threats of wetland drainage and conversion, with
adverse impacts on capacity of ecosystems to provide
adequate supplies of clean water, increased in all sce-
narios. Reductions in trade that accompany greater region-
alization can increase pressure on agricultural land and
water withdrawals. To some extent, these adverse effects
can be mitigated by economic growth, technology, or re-
gional adaptive management. However, economic growth
without proactive ecosystem management can increase the
risk of large disturbances of water supplies, water quality,
and other aquatic resources such as fish and wildlife. [S14]

Terrestrial ecosystems are currently a net sink of CO, at
a rate of 1.2 (+/— 0.9) gigatons of carbon per year (high
certainty). They thereby contribute to the regulation of cli-
mate. But the scenarios indicate that the future of this ser-
vice is uncertain. Deforestation is expected to reduce the
carbon sink. Proactive environmental policies can maintain
a larger terrestrial carbon sink. [S9]

The Future of Biodiversity

Present goals for reduced rates of biodiversity loss will be difficult
to achieve because of changes in land use that have already oc-
curred and ongoing stresses from climate change and nutrient
enrichment.

Ecosystem management practices that maintain response di-
versity, functional groups, and trophic levels while mitigating
chronic stress are more likely to increase the supply of ecosystem
services and decrease the risk of large losses of ecosystem ser-
vices than practices that ignore these factors.

The scenarios indicate that present goals for reduced
rates of biodiversity loss, such as the 2010 targets of
the Convention of Biological Diversity, will be diffi-
cult to achieve because of changes in land use that
have already occurred, ongoing stresses from climate
change, and nutrient enrichment. In all scenarios, pro-
jections indicate significant negative impacts on biodiversity
and its related ecosystem services. However, these scenarios
were not designed to optimize the path for preserving bio-
diversity. Negative impacts on biodiversity can be reduced
by proactive steps to, for example, decrease the rate of land
conversion, integrate conservation practices with landscape
planning, restore ecosystems, and mitigate emissions of nu-
trients and greenhouse gasses. It is important to note that
decreasing rates of land conversion may impair our ability
to meet increased demands for food or other ecosystem ser-
vices. [S10, 14]

Significant decline of ecosystem services can
occur from species loss even if species do not become
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globally extinct. Some terrestrial ecosystem services
will be lost (very certain) as local native populations are
extirpated (become locally extinct). Examples include
loss of cultural services when a culturally important forest
species is extirpated, loss of supporting services when polli-
nator species are extirpated, and loss of provisioning services
when an important medicinal plant becomes locally extinct.
[S10]

Production and resilience of ecosystems are often en-
hanced by genetic and species diversity as well as by spatial
patterns of landscapes and temporal cycles (such as succes-
sional cycles) with which species evolved. Within ecosys-
tems, species and groups of species perform functions that
contribute to ecosystem processes and services in different
ways. Diversity among functional groups increases the flux
of ecosystem processes and services (established but incom-
plete). For example, plant species that root at different
depths, that grow or flower at different times of the year,
and that differ in seed dispersal and dormancy act together
to increase ecosystem productivity.

Within functional groups, species respond differently to
environmental fluctuations. This response diversity derives
from variation in the response of species to environmental
drivers, heterogeneity in species distributions, differences in
ways that species use seasonal cycles or disturbance patterns,
or other mechanisms. Response diversity increases the
chance that ecosystems will contain species or functional
groups that become important for maintaining ecosystem
processes and services in future changed environments (me-
dium certainty). Ecosystem management practices that
maintain response diversity, functional groups, and
trophic levels while mitigating chronic stress will in-
crease the supply and resilience of ecosystem services
and decrease the risk of large losses of ecosystem ser-
vices (established but incomplete). [S5]

Habitat loss in terrestrial environments is pro-
jected to lead to decline in local diversity of native
species in all four scenarios by 2050 (high certainty). (See
Figure S8.) Loss of habitat results in the immediate extirpa-
tion of local populations and the loss of the services that
these populations provided. [S10]

Decreases in river flows from water withdrawals and cli-
mate change (decreases occur in 30% of all major river ba-
sins) are projected to result in loss of species under all
scenarios (low certainty). Rivers that are forecast to lose fish
species are concentrated in poor tropical and sub-tropical
countries, where the needs for human adaptation are most
likely to exceed governmental and societal capacity to cope.
The current average GDP in countries with diminishing
river flows is about 20% lower than in countries whose riv-
ers are not drying. [S10]

Habitat loss will eventually lead to global extinctions as
species approach equilibrium with the remnant habitat. Al-
though there is high certainty that this will happen eventually,
the time to equilibrium is very uncertain, especially given
continued habitat loss through time. Between 10% and 15%
of vascular plant species present in 1970 were lost across the
four scenarios when species numbers reached equilibrium
with reduced habitat (low certainty). This may be an under-
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Figure S8. Loss or Gain of Natural Habitat from 1970 to 2050 in Adapting Mosaic and Order from Strength Scenarios. Habitat

changes are indicated by biome and by biogeographic realm. [9, 10]

estimate because it addresses only those changes due to hab-
itat loss and does not consider the eftects of other stressors
such as climate change or nutrient deposition. Time lags
between habitat reduction and extinction provide a pre-
cious opportunity for humans to rescue those species that
otherwise may be on a trajectory toward extinction. [S10]

Trade-offs among Ecosystem Services

Increasing the flow of provisioning services often leads to reduc-
tions in supporting, regulating, and cultural ecosystem services.
This may reduce the future capacity of ecosystems to provide
services.

Building understanding about how ecosystems provide ser-
vices will increase society’s capacity to avert large disturbances
of those services or to adapt to them rapidly when they do occur.

Trade-offs exist in all of the MA scenarios between
food and water and between food and biodiversity.

Each scenario takes a slightly different approach to addressing
these trade-offs. By comparing these approaches and their
outcomes, we can learn about managing trade-offs. [S12]

¢ In all four MA scenarios, application of fertilizers,
including manure, in excess of crop needs caused
large nutrient flows into fresh waters and estuaries
(high certainty). (See Figure S9.) This overenrichment of
water causes serious declines in ecosystem services (food,
recreation, fresh water, and biodiversity) provided by
aquatic ecosystems. There are possibilities for mitigating
these trade-offs through technological enhancements
such as agricultural efficiency (in the use of land, water,
and fertilizers) and through productivity-enhancing,
resource-conserving technologies, which combine natu-
ral capital conservation with yield improvement tech-
niques.

e In all four MA scenarios, conversion of land to
agricultural uses for food production reduced bio-
diversity. Clearing diverse land cover for crop production
reduces biodiversity by eliminating local populations.
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Figure S9. Global River Nitrogen Export in 2030 in MA
Scenarios. Reference lines show global river nitrogen export in 1970
and 1995.

Removing water from lakes and rivers for use can re-
duce aquatic biodiversity because less aquatic habitat is
available. There are possibilities for mitigating these
trade-offs through agricultural land management that
explicitly maintains biodiversity or through more efti-
cient use of water.

e In all four MA scenarios, use of water for irrigation
of crops reduced the availability of water for other
uses, such as household or industrial use or the
maintenance of other ecosystem services. Although
water 1s a renewable resource, the amount available in
any one place at any one time is finite. Thus, excessive
use of water for irrigation can restrict the amount of
water for other important uses.

All scenarios show the general tendency of man-
agement to focus intensely on increasing the avail-
ability of provisioning services, which often leads to
reductions in the provision of supporting, regulating,
and cultural ecosystem services. (See Figure S10.) Ef-
forts to increase the short-term provision of services typi-
cally reduce the capacity of ecosystems to provide the full
array of services in the future. This vulnerability can be dif-
ficult to detect because ecosystems often exhibit threshold
behavior that can mask declines in regulating and support-
ing services until a collapse occurs. Such trade-offs have far-
reaching consequences for maintaining ecosystem function-
ing in the long term. For example, decisions about fertilizer
use in the 1960s are still affecting water quality in the
twenty-first century.

Scenarios in which long-term consequences of trade-
offs are not taken into consideration exhibit the largest risk
of declines in supporting and regulating services (such as
climate change and biodiversity loss). Scenarios with a pro-

active approach to ecosystem management via flexible
ecosystem governance mechanisms and learning or techno-
logical innovations are more likely to sustain ecosystem ser-
vices in the future. [S12]

At every scale, there are opportunities for com-
bining advantageous approaches to achieve syner-
gistic benefits. For example, actions to preserve marine
fish species have been shown to make coral reefs more resis-
tant to the pressures associated with declines in other species
or excess nutrients. Actions to preserve local fisheries have
been shown to have positive benefits on human well-being
through enhancing social interactions and networking
among fishers in the region. Advantages can be found by
combining techniques from each of the scenarios. For ex-
ample, combining the advantages of green technology
(TechnoGarden) with fairer markets (Global Orchestration)
and flexible ecosystem management that encourages local
creativity (Adapting Mosaic) may lead to improvements in
ecosystem services and human well-being beyond those
found in any individual scenario. [S12]

In the scenarios in which monitoring was a focus,
societies built an understanding of large changes in
ecosystem services that increased their capacity to
anticipate and avert large disturbances of ecosystem
services or to adapt to them more rapidly if they did
occur. In the scenarios in which monitoring was not done
and policies that anticipate the possibility of large break-
downs in ecosystem services were not implemented (Global
Orchestration and Order from Strength), societies faced in-
creased risk of large impacts from unexpected disruptions of
ecosystem services. The greatest risks of large, unfavorable
ecological changes arise in dryland agriculture, marine
fisheries, quality of fresh and coastal marine waters, disease
emergence, and regional climate change. [S8, 12, 14]

The Future of Human Well-being

Attempts to improve human well-being that do not actively take
ecosystems into account can cause unintended but rapid, severe,
and persistent degradation of ecosystem services.

Most of the 2015 targets established for the Millen-
nium Development Goals were not achieved in the
MA scenarios. The scenarios also indicate that some
strategies for achieving goals such as poverty reduc-
tion and hunger reduction quickly could increase
pressures on ecosystems, thereby compromising the
ability to continue progress toward these goals in the
future and undermining progress toward the MDG of
environmental sustainability. Although the MA scenar-
ios were not designed to chart an optimal path to meeting
the MDGs, they provide useful information about plausible
paths. Attempts to meet the MDGs by 2015, which will
largely involve increased use of provisioning ecosystem ser-
vices, may lead to ecosystem degradation and reductions
in regulating and supporting services that undermine future
ecosystem capacity to supply provisioning services. This
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Figure S10. Net Changes in Availability of Provisioning, Regulating, and Cultural Ecosystem Services by 2050 in MA Scenarios for
Industrial and Developing Countries. The y-axis is the net percentage of ecosystem services enhanced or degraded. For example, 100%
degradation of the six provisioning ecosystem services would mean that all of these were degraded in 2050 relative to 2000, while 50%
enhancement could mean that three were enhanced and the other three were unchanged, or that four were enhanced, one was degraded,
and the other two were unchanged. The data used to calculate the y-axis are presented beneath the figure.

degradation may increase the risk of regime shifts and other
surprises that seriously undermine human well-being. [S14]

Ecosystem services are essential for human well-being.
However, the relationship between human well-being and
ecosystem services is discontinuous. Above some threshold,
a marginal increase in ecosystem services contributes only
slightly to human well-being, but below that threshold, a
small decrease in ecosystem services can substantially reduce
it. [S11]

Across the dimensions of human well-being, each sce-
nario yields a different package of gains, losses, and vulnera-
bilities for different regions and populations. (See Figure
S11.) In our scenarios, actions that focused on improving
the lives of the poor by reducing barriers to international
flows of goods, services, and capital tended to lead to the
most improvement for those who are currently the most
disadvantaged. Health and social relations improve, but
human vulnerability to ecological surprises is high.

Globally integrated approaches that focused on technol-
ogy and property rights for ecosystem services generally im-
proved human well-being in terms of health, security, social
relations, and material needs. When those same technolo-
gies were used globally, however, local culture was lost or
undervalued. High levels of trade lead to more rapid spread
of emergent diseases, somewhat reducing the gains in health
in all areas. Locally focused, learning-based approaches led
to the largest improvements in social relations, but with
variability by region. Order from Strength, which focuses

on reactive policies in a regionalized world, has the least
favorable outcomes for human well-being, as the global dis-
tribution of ecosystem services and human resources that
underpin human well-being are increasingly skewed. [S11]

Toward Future Assessments of Ecosystem
Services

The future capacity of ecosystems to provide services is often
determined by feedbacks at multiple scales. Future projects on
ecosystem service scenarios should explicitly nest or link assess-
ments at several scales from the beginning.

Active adaptive ecosystem management (experimentation with
monitoring and analysis to learn more-sustainable management
methods) could greatly improve outcomes for ecosystem services
and human well-being.

In considering multiple aspects of ecosystem services and
teedbacks with human well-being, this assessment is the first
of its kind. Lessons learned from the MA suggest many op-
portunities to improve the development of ecosystem ser-
vice scenarios in the future.

The future capacity of ecosystems to provide ser-
vices is often determined by feedbacks at multiple
scales. Future projects on ecosystem service scenarios
should explicitly nest or link assessments at several
scales from the beginning. This innovation would pro-
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Figure S11. Changes in Components of Human Well-being in
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in that component of human well-being in that scenario by the year
2050. Moving inward from the pentagon indicates a decline in that
aspect of human well-being since 2000.

vide decision-makers with information that links local, na-
tional, regional, and global futures of ecosystem services
directly. In addition, future projects should allow more time
for iterations between qualitative and quantitative assess-
ments of the storylines. This additional work would im-
prove the harmonization of qualitative and quantitative
assessments and allow for a more diverse set of simulations
to address risks and regime shifts. [S4, 6, 13]

Active adaptive ecosystem management (experi-
mentation with monitoring and analysis to learn
more-sustainable management methods) could greatly
improve outcomes for ecosystem services and human
well-being. Existing assessment models for most ecosystem
services do not account for effects of active adaptive man-
agement at local to regional scales. Thus most of our projec-
tions of ecosystem services represent outcomes in the absence
of local-to-regional adaptive change. Actively adaptive
management could significantly improve the outcomes rel-
ative to the projections presented here. (See the MA Policy
Responses volume.) [S4, 5, 13]

There are important gaps between the processes
depicted in the MA conceptual framework and the
existing capacity of ecosystem modeling. Major ele-
ments of the conceptual framework that are not well
addressed by models include the effects of changes in eco-
systems on flows of ecosystem services and the effects of

changes in ecosystem services on changes in human well-
being. In addition, existing models focus mainly on a subset
of provisioning and regulating ecosystem services, largely
neglecting cultural and supporting ecosystem services. Cul-
tural ecosystem services, together with the other ecosystem
services, play a critical role in adaptive responses and
changes in human attitudes and behaviors toward nature.
[S4, 13]

The underlying chapters in this volume list many spe-
cific needs for improved models. Models are needed to ad-
dress thresholds and the risk of large, costly, or irreversible
changes in ecosystem services. There is emerging under-
standing that the diversity of species response and the heter-
ogeneity of landscapes affect the resilience of ecosystem
services. This important feedback needs to be incorporated
in ecosystem service models. [S4, 5, 9, 10, 13]

Future projects on ecosystem service scenarios
should allow more time for assessing decision-maker
needs at the outset of the project and should include
decision-makers in the scenarios development team.
Difterences among disciplines in core beliefs about func-
tioning of the global system are a crucial uncertainty that is
addressed in the scenarios. Better interdisciplinary commu-
nication would make it easier to understand and assimilate
these differences in future scenario exercises. Finally, com-
munication of scenarios requires development of synthetic
graphics, nontechnical narratives, and nontechnical illustra-
tions. Future projects on ecosystem service scenarios should
allocate more time for creation of these important commu-
nication and outreach products. [S13]

Synthesis

Future conditions of ecosystem services could be worse or better
than in the present, depending on policy choices.

None of the MA scenarios represents an optimal outcome. A
selected mix of policies from several scenarios may yield better
outcomes than any single scenario.

The Millennium Ecosystem Assessment scenarios show that

the condition of ecosystem services in the future could be

significantly worse or better than in the present. Scenarios
that improve the condition of ecosystem services and
human well-being involve substantial changes in policy.

Examples include:

e major investments in public goods and poverty reduc-
tion, together with elimination of harmful trade barriers
and subsidies (Global Orchestration);

e widespread use of actively adaptive ecosystem manage-
ment and investment in education (Adapting Mosaic);
and

e significant investments in technologies to use ecosystem
services more efficiently, along with widespread inclu-
sion of ecosystem services in markets (TechnoGarden).
Although examples of all these policies are known from

the world of today, such policies are not widespread at the

present time.
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The MA scenarios were not designed to determine opti-
mal policies for any specific locale, nation, international
bloc, or Earth as a whole. Difterent combinations of policies
may produce significantly better results than any of the sce-
narios presented here. Successtul hybrid policies may capi-
talize on the advantages of several scenarios while avoiding

the risks. For example, combining the local-learning ap-
proach of Adapting Mosaic with the global coordination
and technological advances of TechnoGarden may capital-
ize on the benefits of both scenarios while avoiding the loss
of cultural services found in TechnoGarden and the global
commons problems found in Adapting Mosaic.



